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ESD PROTECTION FOR HIGH VOLTAGE
APPLICATIONS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of allowed U.S. patent

application Ser. No. 11/198,277, filed on Aug. 8, 2005, now
U.S. Pat. No. 7,439,592 titled “ESD Protection for High
Voltage Applications™, which claims the benefit of U.S. Pro-

visional Patent Application No. 60/635,180, filed Dec. 13,
2004, both of which are incorporated herein by reference 1n
their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to electrostatic dis-
charge (ESD) protection. More specifically, the present
invention provides ESD protection for high voltage integrated
circuits (ICs).

2. Background Art

It 1s often difficult to provide ESD protection on a high
voltage IC that requires devices with high voltage tolerances.
High voltage devices must have breakdown voltages that are
higher than the operating voltages of the high voltage IC. The
ESD protection must provide an ESD trigger voltage that 1s
higher than the operating voltages of the high voltage IC and
yet lower than the breakdown voltages of the high voltage
devices. The operating voltages of the high voltage 1C often
approach the breakdown voltages of the high voltage devices,
thereby making an acceptable range of the ESD trigger volt-
age narrow and difficult to achieve.

Conventional IC devices, such as Metal-Oxide Semicon-
ductor (MOS) Field Effect Transistors (MOSFETs) and
Bipolar Junction Transistors (BJTs), fail to provide voltage
tolerances required by high voltage 1Cs. High voltage devices
are therefore typically constructed with alternative technolo-
gies. These alternative high voltage devices may include Lat-
eral Diffused MOS (LDMOS) transistors, Lateral Insulated
Gate Bipolar Transistors (LIGBTs) and other devices. Since
these high voltage devices are designed to withstand high
voltages, they are not optimized to work as ESD discharge
devices. Conventional devices cannot be used to provide ESD
protection because the operating voltages usually exceed the
breakdown voltages of the conventional devices.

Silicon Controlled Rectifier (SCR) structures are com-
monly used to provide ESD protection for high voltage ICs. A
drawback of the SCR device 1s 1ts relatively slow turn-on
time. Another drawback of the SCR device 1s its triggering,
mechanism. The triggering of the SCR device i1s mitiated by
a substrate current generated by a pn-junction breakdown.
This pn-junction, however, 1s also designed to have a high
breakdown voltage for use 1 high voltage applications.
Therefore, 1t 1s difficult to design the SCR device with a
pn-junction that can satisty these conflicting design goals.
The etfectiveness of the SCR structure 1s further compro-
mised when a low resistively substrate 1s used, a common
practice for high voltage ICs.

Processing steps used to fabricate high voltage ICs also
render other commonly used ESD protection techmques inet-
tective. For example, snapback MOS devices provide poor
ESD protection because their desired parasitic bipolar char-
acteristic 1s purposely subdued 1n many fabrication processes.
MOS-based ESD protection devices sulfer from the charac-
teristic high threshold voltage and channel resistance of high
voltage MOSs, which results in excessive layout overhead.
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Diode-based ESD protection devices sulfer from the high
parasitic series resistance inherent 1n high voltage processing,
techniques, which also results 1n excessive layout overhead.
Another obstacle in the design of high voltage ESD protection
includes building resistors and capacitors 1n the ESD protec-
tion circuits that can tolerate high voltages.

BRIEF SUMMARY OF THE INVENTION

Accordingly, the invention provides ESD protection for
use 1n high voltage ICs by substantially obviating one or more
of the disadvantages of the related art.

In one aspect of the mvention, there 1s provided an ESD
device including a low doped well connected to a first contact
and a diffusion area connected to a second contact. A sub-
strate between the low doped well and the diffusion area 1s
connected to the second contact. The substrate has a dopant
polarity that 1s opposite a dopant polarity of the low doped
well and the diffusion area. A distance between the low doped
well and the diffusion area determines a triggering voltage of
the ESD device. A depletion region 1s formed between the low
doped well and the substrate when a reverse bias voltage 1s
applied to the ESD device. A current discharging path 1s
tformed between the first contact and the second contact when
the reverse bias voltage causes the depletion region to come
into contact with the diffusion region.

In another aspect of the invention, there 1s provided an ESD
device including a low doped well connected to a first contact,
a first diffusion area connected to a second contact and a
second diffusion area connected to a third contact. The ESD
device mncludes a substrate between the low doped well and
the first diffusion area. The substrate and the second diffusion
area have dopant polarities that are opposite dopant polarities
of the low doped well and the first diffusion area. A distance
between the low doped well and the first diffusion area deter-
mines a triggering voltage of the ESD device. A depletion
region 1s formed between the low doped well and the sub-
strate when a reverse bias voltage 1s applied to the ESD
device. A current discharging path 1s formed between the first
contact and the second contact when the reverse bias voltage
causes the depletion region to come mto contact with the
diffusion region. A pn-junction formed between the low
doped well and the substrate 1s forward biased when a for-
ward bias voltage 1s applied to the ESD device. The pn-
junction 1s well biased by the forward bias voltage and pro-
vides a forward bias ESD discharge path.

In another aspect of the invention, there 1s a provided a
method of forming an ESD device including a substrate, a low
doped well positioned within the substrate and connected to a
first contact and a diffusion area positioned within the sub-
strate and connected to a second contact. The substrate 1s
connected to the second contact and has a dopant polarity that
1s opposite a dopant polarity of the low doped well and a
dopant polarity of the diffusion area. A distance between the
low doped well and the diffusion area determines a triggering
voltage of the ESD device.

In another aspect of the invention, there 1s a provided a
method of forming an ESD device including a substrate and a
low doped well positioned within the substrate and connected
to a first contact. The ESD device also includes a first diffu-
s1on area positioned within the substrate and connected to a
second contact and a second diffusion area positioned within
the substrate and connected to a third contact. The substrate
and the second diffusion area have dopant polarities that are
opposite dopant polarities of the low doped well and the first
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diffusion area. A distance between the low doped well and the
first diffusion area determines a triggering voltage of the ESD
device.

Additional features and advantages of the invention will be
set forth in the description that follows, and 1n part will be
apparent from the description, or may be learned by practice
of the mvention. The advantages of the mvention will be
realized and attained by the structure and particularly pointed
out 1n the written description and claims hereot as well as the
appended drawings.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF TH.
DRAWINGS/FIGURES

T

The accompanying drawings illustrate the present mven-
tion and, together with the description, further serve to
explain the principles of the invention and to enable one
skilled 1n the pertinent art to make and use the 1nvention.

FIG. 1A 1illustrates a doped semiconductor device with a
conventional doped well having a low breakdown voltage.

FIG. 1B 1llustrates the behavior of the doped semiconduc-
tor device depicted in FIG. 1A when a reverse bias voltage 1s
applied to the doped semiconductor device.

FIG. 2A illustrates a doped semiconductor device with a
conventional low doped well having a high breakdown volt-
age.

FI1G. 2B illustrates the behavior of the doped semiconduc-
tor device depicted in FIG. 2A when a reverse bias voltage 1s
applied to the doped semiconductor device.

FI1G. 3 1llustrates an ESD protection device of the invention
that provides ESD protection for high voltage applications.

FI1G. 4 1llustrates the behavior of the ESD protection device
depicted 1n FIG. 3 when areverse bias voltage 1s applied to the
ESD protection device.

FIG. S 1llustrates the behavior of the ESD protection device
depicted 1n FIG. 3 during an ESD event.

FIG. 6 illustrates an exemplary arrangement of high volt-
age terminals and punch-through terminals of an ESD pro-
tection device of the ivention.

FIG. 7 illustrates an exemplary doping profile of a low
doped well for a high voltage terminal of an ESD protection
device of the mnvention.

FIGS. 8A, 8B and 8C illustrate exemplary doping profiles
of diffusion areas for a punch-through terminal of an ESD

device of the invention.
FIGS. 9A, 9B and 9C illustrate possible variations of the

punch-through terminals depicted in FIGS. 8A, 8B and 8C,
respectively.

FIG. 10 1llustrates an ESD protection device incorporating,
the additional substrate biasing contact depicted in FIGS. 9A,
9B and 9C.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1A and FIG. 1B illustrate a doped semiconductor
device 100 having a low breakdown voltage. As shown 1n
FIG. 1A, the doped semiconductor device 100 includes a
conventional doped well 102 and a doped substrate 104. The
conventional doped well 102 has a relatively high concentra-
tion of dopant and has a shallow junction depth, relative to the
depth of the doped substrate 104. A conventional doped well
typically has a concentration level on the order of 10" /cm”.
The doped substrate 104 also has a relatively high concentra-
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4

tion of dopant. The polarity of the dopant added to the doped
substrate 104, however, 1s opposite the polarity of the dopant
added to the conventional doped well 102. For example, 11 the
conventional doped well 102 1s a p-type material, then the
doped substrate 104 1s an n-type material. Alternatively, 11 the
conventional doped well 102 1s an n-type material, then the
doped substrate 104 1s a p-type material. A pn-junction 1s
therefore formed by the mntimate contact of the conventional
doped well 102 with the doped substrate 104 under either
doping scenario.

FIG. 1A shows the doped semiconductor device 100 with-
out a bias voltage applied to the conventional doped well 102
and the doped substrate 104. FIG. 1B illustrates the behavior
of the doped semiconductor device 100 when a reverse bias
voltage 1s applied to the conventional doped well 102 and the
doped substrate 104. A reverse bias voltage 1s applied to the
doped semiconductor device 100 when the polarities of the
voltages applied to the conventional doped well 102 and the
doped substrate 104 are opposite the respective polarities of
the dopants within the conventional doped well 102 and the
doped substrate 104. The pn-junction formed by the conven-
tional doped well 102 and the doped substrate 104 is reverse
biased when a reverse bias voltage 1s applied to the doped
semiconductor device 100.

As shown 1 FIG. 1B, a depletion region 106 1s formed
between the conventional doped well 102 and the doped
substrate 104 when a reverse bias voltage 1s applied to the
conventional doped well 102 and the doped substrate 104.
The depletion region 106 1s a space charge region depleted of
mobile carriers. The relatively high concentrations of dopants
in the conventional doped well 102 and the doped substrate
104 causes the width of the depletion region 106 to be rela-
tively narrow for a range of reverse bias voltages. The rela-
tively narrow width of the depletion region 106 causes the
doped semiconductor device 100 to have a low breakdown
voltage.

FIG. 2A and FIG. 2B illustrate a doped semiconductor
device 200 having a high breakdown voltage. As shown 1n
FIG. 2A, the doped semiconductor device 200 includes a
conventional low doped well 202 and a low doped substrate
204. The conventional low doped well 202 has a relatively
low concentration of dopant and has a deep junction depth,
relative to the depth of the low doped substrate 204. A con-
ventional low doped well has a concentration level on the
order of 10'°/cm”. The deep junction depth of the low doped
well provides a large surface area for current flow. The low
doped substrate 204 also has a relatively low concentration of
dopant. The polarity of the dopant added to the low doped
substrate 204, however, 1s opposite the polarity of the dopant
added to the conventional low doped well 202. A pn-junction
1s therefore formed by the intimate contact of the conven-
tional low doped well 202 with the low doped substrate 204.

FIG. 2A shows the doped semiconductor device 200 with-
out a bias voltage applied to the conventional low doped well
202 and the low doped substrate 204. FIG. 2B illustrates the
behavior of the doped semiconductor device 200 when a
reverse bias voltage 1s applied to the conventional low doped
well 202 and the low doped substrate 204. As shown 1n FIG.
2B, a depletion region 206 1s formed between the conven-
tional low doped well 202 and the low doped substrate 204.
The relatively low concentrations of dopants 1n the conven-
tional low doped well 202 and the low doped substrate 204
causes the width of the depletion region 206 to be wider than
the width of the depletion region 106 depicted 1n FIG. 1B for
a grven reverse bias voltage. The relatively wide width of the
depletion region 206 causes the doped semiconductor device
100 to have a high breakdown voltage. Specifically, the break-
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down voltage of the doped semiconductor device 200 will be
larger than the breakdown voltage of the doped semiconduc-
tor device 100.

The circuit devices within a high voltage integrated circuit
are required to have high voltage tolerances. The breakdown
voltages of the circuit devices within a high voltage integrated
circuit must be higher than the operating voltage of any inter-
nal circuit within the high voltage integrated circuit. The
doped semiconductor device 200 1s often used to build a high
voltage device for use within a high voltage integrated circuait.
The low doping profile of the conventional low doped well
202 increases the breakdown voltage of the doped semicon-
ductor device 200, thereby ensuring the doped semiconductor
device 200 has a high voltage tolerance.

A high voltage integrated circuit also requires suitable
Electrostatic Discharge (ESD) protection. An ESD protection
device within a high voltage integrated circuit must provide
an ESD trigger voltage that 1s above the operating voltage of
any internal circuit, yet below the breakdown voltage of any
circuit device. The operating voltages of the internal circuits
are often pushed up near the breakdown voltages of the con-
stituent circuit devices. The ESD trigger voltage of an ESD
protection device must therefore be set within the narrow
range established by the maximum operating voltage and the
mimmum breakdown voltage. The doped semiconductor
device 200 1s often not suitable for application as an ESD
protection device because 1t 1s principally designed to be a
high voltage device. There 1s therefore a need to design a high
voltage device incorporating the use of low doped wells that
1s suitable for providing ESD protection within a high voltage
integrated circuit.

FIG. 3 1llustrates an ESD protection device 300 that pro-
vides ESD protection for high voltage applications, 1n accor-
dance with the present invention. The ESD protection device
300 can be used 1n a high voltage integrated circuit. The ESD
protection device provides an ESD trigger voltage that 1s
above the operating voltage of any internal circuit and below
the breakdown voltage of any circuit device within a high
voltage integrated circuait.

As shown 1 FIG. 3, the ESD protection device 300
includes a low doped well 302. The low doped well 302 has a
relatively low concentration of dopant. That 1s, the low doped
302 well has a concentration level on the order of concentra-
tion level on the order of 10'°/cm’. In one aspect of the
present invention, the low doped well 302 has a peak dopant
concentration level of 8x10"°/cm”. The low doped well 302 is
connected to a contact 304. The contact 304 1s a conductor
and 1s used to apply a bias voltage to the low doped well 302.

As further shown 1n FI1G. 3, the ESD protection device 300
includes a diffusion area 310. The diffusion area 310 either
wholly or partially contains dopant of the same polarity as the
dopant within the low doped well 302. The diffusion area 310
has a concentration level that 1s greater than the concentration
level of the low doped well 302. The diffusion area 310 is
connected to a contact 312. The ESD protection device 300
also includes a substrate 308. The substrate 308 has a rela-
tively low concentration of dopant. The polarity of the dopant
within the substrate 308 1s opposite the polarity of the dopant
within the low doped well 302 and the diffusion area 310. The
substrate 308 1s also connected to the contact 312 since the
contact 312 straddles the boundary formed by the substrate
308 and the diffusion area 310. The contact 312 1s a conductor
and 1s used to apply a bias voltage to the diffusion area 310
and to the substrate 308.

The low doped well 302 has a deep junction depth, relative
to the depth of the substrate 308. The contact 304 and the
contact 312 are typically made of metal. The contact 304 and
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6

the low doped well 302 together form the high voltage termi-
nal of the ESD protection device 300. The contact 312 and the
diffusion area 310 together form the punch-through terminal
of the ESD protection device 300.

FI1G. 4 1llustrates the behavior of the ESD protection device
300 during normal operation within a high voltage integrated
circuit. A highly reversed biased voltage 1s applied to the ESD
protection device 300 during normal operation. A reverse bias
voltage 1s applied to the ESD protection device 300 when the
polarities of the voltages applied to the high voltage terminal
and the punch-through terminal are opposite the polarities of
the dopants within the low doped well 302 and the substrate
308, respectively. The pn-junction formed by the intimate
contact of the low doped well 302 and the substrate 308 is
reversed biased when a reverse bias voltage 1s applied to the
ESD protection device 300.

As shown 1 FIG. 4, a depletion region 316 1s formed
between the low doped well 302 and the substrate 308 when
a reverse bias voltage 1s applied to the low doped well 302 and
the substrate 308. The width and size of the depletion region
316 increases as the reverse bias voltage applied to the ESD
protection device 300 1s increased. The width of the depletion
region 316 therefore fluctuates 1n size as the operating voltage
of the high voltage integrated circuit varies. The low doped
well 302 ensures that the width of the depletion region 316
can be large, thereby providing a high breakdown voltage for
the ESD protection circuit 300 that can accommodate high
operating voltages.

The contact 312 applies the same voltage potential to the
substrate 308 and to the diffusion area 310 during normal
operation. The pn-junction formed by the intimate contact of
the substrate 308 and the diffusion area 310 is therefore not
reverse biased during normal operation. Consequently, a
depletion region 1s not formed between the substrate 308 and
the diffusion area 310 when a reverse bias voltage 1s applied
to the ESD protection device 300.

FIG. S1llustrates the behavior of the ESD protection device
300 during an ESD event within a high voltage integrated
circuit. An ESD event occurs within a high voltage integrated
circuit when a voltage applied or a current supplied to any
internal circuit exceeds a predetermined safe level. The ESD
protection device 300 provides protection during an ESD
event by providing an ESD discharge path between the high
voltage terminal and the punch-through terminal of the ESD
protection device 300. A current discharge path 1s created
when the reverse bias voltage applied to the ESD protection
device 300 causes the depletion region 306 to reach or “punch
through™ to the diffusion area 310. The magnitude of the
reverse bias voltage that causes the depletion region to reach
the diffusion area 310 1s the ESD trigger voltage of the ESD
protection device 300. The depletion region therefore effec-
tively punches through from the high voltage terminal to the
punch-through terminal of the ESD protection device 300 at
the ESD trigger voltage.

The triggering voltage of the ESD protection device 300 1s
determined by the distance separating the low doped well 302
from the diffusion area 310. The distance between the low
doped well 302 and the diffusion area 310 prevents the con-
tact 304 and the contact 312 from shorting out during normal
operation. That 1s, the distance between the low doped well
and the diffusion area 310 1s large enough to prevent the
depletion region 316 from reaching the diffusion areca 310
under normal operating voltages.

The distance between the low doped well 302 and the
diffusion area 310 also prevents the ESD protection device
300 from having a triggering voltage that 1s too high. That 1s,
the distance between the low doped well 302 and the diffusion
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arca 310 1s small enough to enable the depletion region 316 to
reach the diffusion area 310 without requiring a reverse bias
voltage that exceeds a breakdown voltage of a circuit device
within the high voltage integrated circuit.

Overall, the distance between the low doped well 302 and
the diffusion area 310 provides an ESD triggering voltage that
1s above the normal operating voltages of the high voltage
integrated circuit and below the breakdown voltage of the
circuit devices within the high voltage integrated circuat.

The low doped well 302 has a high voltage tolerance
required by high voltage integrated circuits that cannot be
provided by a conventionally doped well. Additionally, the
low doped well 302 provides a reduced diffusion capacitance
in comparison to a conventionally doped well. A reduced
diffusion capacitance 1s desirable 1n high frequency applica-
tions and low signal distortion applications.

The ESD protection device 300 can be formed by conven-
tional semiconductor manufacturing processes. The substrate
308 forms a bottom layer of the ESD protection device 300. A
middle layer of the ESD protection 300 device includes the
low doped well 302, the substrate 308 and the diffusion area
310. The low doped well 302 15 positioned within the sub-
strate 308. The low doped well 302 has a deep junction depth
relative to the depth of the substrate 308. Impurities added to
the substrate 308 have a polarity opposite the polarity of the
impurities added to the low doped well 302. The low doped
well 302 has a low concentration of dopant, particularly at the
periphery of the low doped well 302.

The diffusion area 310 1s also positioned within the sub-
strate 308. Impurities added to the diffusion area 310 have the
same polarity as the polarity of the impurities added to the low
doped well 302. The low doped well 302 and the diffusion
area 312 are separated by the substrate 308.

A top layer of the ESD protection device 300 includes a
contact 304 and a contact 312. The contact 304 1s positioned
over the low doped well 302. The contact 312 1s positioned
over the diffusion area 312 and the substrate 308. The low
doped well 302 and the contact 304 form the high voltage
terminal of the ESD protection device 300. The diffusion area
310 and the substrate 308 form the punch-through terminal of
the ESD protection device 300.

The distance between the low doped well 302 and the
diffusion area 310 determines the ESD triggering voltage of
the ESD protection device. The ESD protection device 300
can be formed using either type of dopant in the low doped
well 302 and the diffusion area 310 depending on the dopant
type used within the substrate 308. For example, the low
doped well 302 and the diffusion area 310 can be p-type
materials 1f the substrate 308 1s an n-type material. Alterna-
tively, the low doped well 302 and the diffusion area 310 can
be n-type materials 1 the substrate 308 1s an p-type material.

To protect a circuit element or circuit within an integrated
circuit, the ESD protection device 300 1s configured to route
a high-voltage ESD event from a signal input or voltage
supply input of the circuit element or circuit to an appropriate
or suitable discharge node or device. Specifically, the high
voltage terminal of the ESD protection device 300 1s con-
nected to the signal mnput or supply mput of the circuit ele-
ment or circuit that could experience an ESD event. The
punch-through terminal of the ESD protection device 300 1s
then connected to a discharge node or device to prevent expo-
sure ol the ESD event to the signal mput or voltage supply
input of the circuit element or circuit.

FI1G. 6 illustrates an exemplary arrangement of high volt-
age terminals and punch-through terminals of an ESD pro-
tection device 600 providing ESD protection 1n accordance
with the present invention. FIG. 6 provides an overhead view
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of a layout of the multiple high voltage and punch-through
terminals of the ESD protection device 600.

As shown 1n FIG. 6, contacts 604-1 and 604-2 are con-
nected to low doped wells 606-1 and 606-2, respectively. The
low doped wells 606-1 and 606-2 are positioned within a
substrate 602. The contacts 604-1 and 604-2 are positioned

within the horizontal boundaries o the low doped wells 606-1
and 606-2, respectively. Contacts 608-1, 608-2 and 608-3 are
connected to diffusion areas 610-1, 610-2 and 610-3, respec-

tively. Contacts 608-1, 608-2 and 608-3 are also connected to
the substrate 602. The diffusion areas 610-1, 610-2 and 610-3

are positioned within the substrate 602. The contacts 608-1,
608-2 and 608-3 extend beyond the horizontal boundaries of
the diffusion areas 610-1, 610-2 and 610-3, respectively. Low

doped wells 606-1 and 606-2 have a concentration level that
1s stmilar to the concentration level of the low doped well 302
depicted 1n FIG. 3. The diffusion areas 610-1, 610-1 and
610-3 have a concentration level on the order of the diffusion
area 310 depicted 1n FIG. 3.

The contact 604-1 and the low doped well 606-1 form a

high voltage terminal. The contact 604-2 and the low doped
well 606-2 also form a high voltage terminal. The contacts
608-1, 608-2 and 608-3, 1n conjunction with their respective
diffusion areas 610-1, 610-2 and 610-3, cach form a punch-
through terminal. ESD current discharge paths are created
between the high voltage terminals and the punch-through
terminals of the ESD protection device 600 during an ESD
event.

ESD protection efliciency 1s improved by forming the high
voltage terminals and punch-through terminals depicted in
FIG. 6 into long, thin strips. The arrangement of the high
voltage terminals and punch-through terminals maximizes
current tlow between the high voltage and punch-through
terminals for a desired distance during an ESD event. Spe-
cifically, the surface areas of the low doped wells 606-1 and
606-2 and the surface areas of the diffusion areas 610-1,
610-2 and 610-3 are maximized for a specific ESD triggering

voltage. Large current discharge paths are created along the
sidewalls of the low doped wells 606-1 and 606-2 and the

diffusion areas 610-1, 610-2 and 610-3 when an applied
reverse bias voltage triggers an ESD event.

The ends of the low doped wells 606-1 and 606-2 extend
beyond the vertical boundaries of the contacts 604-1 and
604-2, respectively. The ends of the diffusion areas 610-1,
610-2 and 610-3 also extend beyond the vertical boundaries
of the contacts 608-1, 608-2 and 608-3, respectively. This
layout minimizes conduction at the ends of the low doped
wells 606-1 and 606-2 and the diffusion areas 610-1, 610-2
and 610-3. In turn, the current discharge paths formed
between the high voltage terminals and punch-through termi-
nals of the ESD protection device 600 are less atfected by
edge eflects that can result in non-uniform current tlow.

FIG. 7 illustrates an exemplary doping profile of a low
doped well for a high voltage terminal of an ESD device that
provides ESD protection 1n accordance with the present
invention. The low doped well depicted 1n FIG. 7 1s divided
into three doped regions. A doped region 702 1s located 1n the
center o the low doped well and 1s connected to a contact 704.
The doped region 702 has a relatively high dopant concentra-
tion. A doped region 708 envelops the doped region 702. The
doped region 708 has a dopant concentration that 1s lower
than the dopant concentration of the doped region 702. A
doped region 710 envelops the doped region 708 and forms a
boundary with a substrate 712. The doped region 710 has a
dopant concentration that 1s lower than the dopant concentra-
tion of the doped region 708.
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The successively decreasing concentrations of dopant
within the doped regions 702, 708 and 710 form a doping
gradient. The high concentration of dopant within dopant
region 702 provides a low resistive contact between the low
doped well and the contact 704.

The periphery of the low doped well (1.e., the doped region
710) has a low doping concentration regardless of the doping
concentration of the iterior of the low doped well (1.¢., the
doped regions 702 and 708). Doping profiles other than the
exemplary profile shown 1n FIG. 7 are possible provided the
periphery of the low doped well maintains a low doping
concentration. The low concentration of dopant in the periph-
ery of the low doped well used to form the high voltage
terminal ensures that the pn-junction of the low doped well
boundary (1.e., the boundary between doped region 710 and
the substrate 712) 1s suitable for high voltage applications.

In one aspect ol the present invention, the doped region 702
1s a conventional doped diffusion area having a concentration
level that is greater than 7x10""/cm”>, the doped region 708 is
a conventional doped well having a concentration level on the
order of 10'’/cm” and the doped region 710 is a low doped
well having a concentration level on the order of 10" ®/cm”. In
another aspect of the present imnvention, the concentration
level of the doped region 702 is less than or equal to 1x107"/
cm’, the concentration level of the doped region 708 is
between 5x10'/cm” and 7x10'’/cm” and the concentration
level of the doped region 710 is less than or equal to 8x10"°/
cm’.

FIGS. 8A, 8B and 8C 1llustrate exemplary doping profiles
of diffusion areas for a punch-through terminal of an ESD
device that provides ESD protection 1n accordance with the
present mnvention. An ESD device that provides ESD protec-
tion 1n accordance with the present invention does not require
the diffusion area of the second terminal to be a low doped
well. Further, an ESD device that provides ESD protection in
accordance with the present mvention does not require the
diffusion area to have a deep junction depth. The doping
profile and junction depth of the diffusion area of the punch-
through terminal can therefore exhibit a wide range of varia-
tion to provide ESD protection in accordance with the present
invention.

FIG. 8A illustrates a punch-through terminal that has a
diffusion area that 1s divided into three doped regions. A
doped region 802 1s located 1n the center of the diffusion area
and 1s connected to a contact 804. The doped region 802 has
a relatively high dopant concentration. A doped region 808
envelops the doped region 802. The doped region 808 has a
dopant concentration that 1s lower than the dopant concentra-
tion of the doped region 802. A doped region 810 envelops the
doped region 808 and forms a boundary with a substrate 812.
The doped region 810 has a dopant concentration that is lower
than the dopant concentration of the doped region 808. The
successively decreasing doping concentrations of the doped
regions 802, 808 and 810 form a doping gradient. The contact
804 extends beyond the boundary of the diffusion area and 1s
also connected to the substrate 812. The high concentration of
dopant within doped region 802 provides a low resistive con-
tact between the diffusion area and the contact 804. The
concentration levels of the doped regions 802, 808 and 808
can correspond to the concentration levels (and types) of the
doped regions 702, 708 and 710 depicted 1n FIG. 7, respec-
tively.

FI1G. 8B illustrates a punch-through terminal having a dif-
fusion area that includes a conventional doped well. The
diffusion area depicted in FIG. 8B has two doped regions. A
doped region 814 1s located 1n the center of the diffusion area
and 1s connected to a contact 816. The doped region 814 has

10

15

20

25

30

35

40

45

50

55

60

65

10

a relatively high dopant concentration. A doped region 818
envelops the doped region 814 and forms a boundary with the
substrate 812. The contact 816 extends beyond the boundary
of the diffusion area and 1s also connected to the substrate
812. The high concentration of dopant within doped region
814 provides a low resistive contact between the diffusion
area and the contact 816. The doped region 814 can be a
conventional doped diffusion area and the doped region 818
can be a conventional doped well.

FIG. 8C 1llustrates a punch-through terminal having a dif-
fusion area that 1s a conventional doped diffusion area. The
diffusion area depicted 1n FIG. 8B includes a doped region
820. The doped region 820 1s located 1n the center of the
diffusion area and 1s connected to a contact 822. The contact
822 extends beyond the boundary of the diffusion area and 1s
also connected to the substrate 812.

FIGS. 8A, 8B and 8C show that the diffusion areas for a
punch-through terminal of an ESD device that provides ESD
protection in accordance with the present invention can be a
low doped well (1.e., FIG. 8A), a conventional doped well
(F1G. 8B) or a conventional doped diflusion area (i.e., FIG.
8C).

FIGS. 9A, 9B and 9C 1llustrate possible variations of the
punch-through terminals depicted in FIGS. 8A, 8B and 8C,
respectively. The punch-through terminals depicted in FIGS.
9A, 9B and 9C each include a substrate biasing contact 904.
The substrate biasing contact 904 1s connected to a diffusion
areca 902. The diffusion area 902 1s positioned within the
substrate 812. The polarity of the dopant within the diffusion
area 902 1s the same as the polarity of the dopant within the
substrate 812. The diffusion area 902 has a high concentration
of dopant, relative to the substrate 812. This high concentra-
tion of dopant in the diffusion area 902 provides a low resis-
tive conduction path between the substrate biasing contact
904 and the substrate 812 for improved biasing of the sub-
strate 812.

As shown 1n FIG. 9A, the substrate biasing contact 904 1s
connected to a contact 908 by a conductor 906. The conductor

906 provides a bias voltage to the substrate biasing contact
904. The contact 908 1s located over the diffusion area formed
by the doped regions 802, 808 and 810. The contact 908 1s
used to bias the diffusion area formed by the doped regions
802, 808 and 810 while the substrate biasing contact 904 1s
used to bias the diffusion area 902. It 1s unnecessary to con-
nect the contact 908 to the substrate 812 since the substrate
biasing contact 904 1s used to bias the substrate 812.

As shown 1n FIG. 9B, a contact 910 1s located over the
diffusion area formed by the doped regions 814 and 818.
Similarly, a contact 912 shown 1n FI1G. 9C 1s located over the
diffusion area 820. It 1s unnecessary to connect the contacts
910 and 912 to the substrate 812 since the substrate biasing
contact 904 1s used to bias the substrate 812. The biasing of
the substrate 812 1s improved by the addition of the diffusion
arca 902 and the substrate biasing contact 904 for the punch-
through terminals depicted in FIGS. 9B and 9C.

FIG. 10 1llustrates an ESD protection device 1000 incor-
porating the additional substrate biasing contact depicted in
FIGS. 9A, 9B and 9C. The ESD protection device 1000
provides ESD protection for high voltage applications, in
accordance with the present invention. The ESD protection
device 1000 includes a low doped well 1002. The low doped
well 1002 1s positioned within a substrate 1006. The low
doped well 1002 1s connected to a contact 1004. The low
doped well 1002 and the contact 1004 together form the high
voltage terminal of the ESD protection device 1000.

As further shown 1n FIG. 10, the ESD protection device
1000 includes a diffusion area 1008. The polarity of the
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dopant within the diffusion areca 1008 1s the same as the
polarity of the dopant within the low doped well 1002. The
diffusion area 1008 1s positioned within the substrate 1006
and 1s connected to a contact 1010. The contact 1010 1s
connected by a conductor 1012 to a contact 1014. The contact
1014 1s connected to a diffusion area 1016. The polarity ofthe
dopant within the diffusion area 1016 1s the same as the
polarity of the dopant within the substrate 1006. The diffusion
area 1016, however, has a higher concentration of dopant than
the substrate 1016.

The diffusion area 1008 and the contact 1010 together form
the punch-through terminal of the ESD protection device
1000. The high concentration of dopant within the diffusion
arca 1016 provides a low resistive connection to the substrate
1006. The diftusion area 1016 therefore provides an
improved conduction path from the punch-through terminal
of the ESD protection device 1000 into the substrate 1006 for
biasing.

The ESD protection device 1000 is reverse biased during
normal operation. The ESD protection device 1000 will pro-
vide a discharge path between the contact 1004 and the con-
tact 1010 when the reverse bias voltage exceeds an ESD
triggering voltage of the ESD protection device 1000. This
behavior of the ESD protection device 1000 provides reverse
bias ESD discharge protection.

The ESD protection device 1000 also provides forward
bias discharge protection. A forward biased pn-junction diode
1s formed between the low doped well 1002 and the substrate
1006 when the voltage applied to the high-voltage terminal
and punch-through terminal 1s forward biased. The forward
biasing of the pn-junction formed by the low doped well 1002
and the substrate 1006 1s improved by the high concentration
of dopant 1n the diffusion area 1016. A discharge path is
formed between the contact 1004 and the contact 1014 when
the ESD protection device 1000 1s forward biased. In this way,
the ESD protection device 1000 provides improved forward

biased ESD discharge protection.

CONCLUSION

While various embodiments of the present invention have
been described above, 1t should be understood that they have
been presented by way of example and not limitation. It waill
be apparent to one skilled in the pertinent art that various
changes 1n form and detail can be made therein without
departing from the spirit and scope of the ivention. There-
fore, the present invention should only be defined 1n accor-
dance with the following claims and their equivalents.

What is claimed 1s:

1. An electrostatic discharge (ESD) device, comprising:

a substrate;

a high voltage terminal having a low-doped well formed in
the substrate, and a first contact, coupled to the low
doped well, that has a perimeter located within a perim-
cter of the low-doped well;

a punch-through terminal having a diffusion area formed in
the substrate, and a second contact, coupled to the dii-
fusion area, that touches the substrate,

wherein a concentration level of a dopant 1n the low-doped
well has a peak level of 8x10'%/cm” and is less than a
concentration level of the dopant 1n the diffusion area,

wherein the substrate and the low-doped well are config-
ured to form a depletion region between the low-doped
well and the substrate when a reverse bias voltage 1s
applied to the low-doped well and the substrate, and

wherein the substrate, the low-doped well, and the diffu-
sion area are configured to form a current discharging

5

10

15

20

25

30

35

40

45

50

55

60

65

12

path between the first contact and the second contact
when the depletion region comes into contact with the

diffusion area.

2. The ESD device of claim 1, wherein the second contact

1s positioned to prevent a reverse bias between the substrate
and the diffusion area.
3. The ESD device of claim 1, wherein a distance between

the low-doped well and the diffusion area determines a trig-

gering voltage of the ESD device.

4. The ESD device of claim 1, wherein a periphery of the
diffusion area has a lower concentration of a dopant relative to

a center of the diffusion area.

5. The ESD device of claim 1, wherein the substrate and the

low-doped well are further configured to increase a width of
the depletion region as the reverse bias voltage increases.
6. The ESD device of claim 1, wherein the substrate, the

low-doped well, and the diffusion area are further configured
such that a triggering voltage of the ESD device 1s equal to the
reverse bias voltage that causes the depletion region to come
into contact with the diffusion area.

7. The ESD device of claim 1, wherein a periphery of the
low-doped well has a lower concentration of a dopant relative
to a center of the low-doped well.

8. The ESD device of claim 1, wherein the dopant polarity
of the low-doped well 1s n-type.

9. The ESD device of claim 1, wherein the dopant polarity
of the low-doped well 1s p-type.

10. The ESD device of claim 1, further comprising:

a second high voltage terminal having a second low-doped
well formed 1n the substrate,

wherein the second low-doped well 1s coupled to a third
contact and a perimeter of the third contact 1s located
completely within a perimeter of the second low-doped
well,

wherein the punch-through terminal 1s located between the
first and second high voltage terminals.

11. The ESD device of claim 1, further comprising:

a second punch-through terminal having a second diffu-
sion area formed 1n the substrate,

wherein the second diffusion area 1s coupled to a third
contact that touches the substrate,

wherein a perimeter of the second diffusion area overlaps a
perimeter of the third contact; and

wherein the high voltage terminal 1s located between the
first and second punch-through terminals.

12. The ESD device of claim 11, wherein the second con-

tact 1s coupled to the third contact.

13. A method for forming an electrostatic discharge (ESD)
device, comprising:

forming a substrate;

forming a high voltage terminal having a low-doped well

formed 1n the substrate,

wherein the low-doped well 1s coupled to a first contact and

a perimeter of the first contact 1s located within a perim-
cter of the low-doped well; and

forming a punch-through terminal having a diffusion area

formed 1n the substrate,

wherein the diffusion area 1s coupled to a second contact

that touches the substrate,

wherein a concentration level of a dopant 1n the low-doped

well has a peak level of 8x10'°/cm” and is less than a
concentration level of the dopant 1n the diffusion area,
wherein the substrate and the low-doped well are config-
ured to form a depletion region between the low-doped
well and the substrate when a reverse bias voltage 1s

applied to the low-doped well and the substrate, and
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wherein the substrate, the low-doped well, and the diffu-
sion area are configured to form a current discharging
path between the first contact and the second contact
when the depletion region comes into contact with the
diffusion area.

14. The method of claim 13, wherein the forming a punch-
through terminal further comprises positioning the second
contact to prevent a reverse bias between the substrate and the
diffusion area.

15. The method of claim 13, wherein the forming a punch-
through terminal further comprises doping a periphery of the
diffusion area with a lower concentration of a dopant relative
to a center of the diffusion area.

16. The method of claim 13, further comprising forming a
second high voltage terminal having a second low-doped well
formed 1n the substrate,

wherein the second low-doped well 1s coupled to a third

contact and a perimeter of the third contact 1s located
completely within a perimeter of the second low-doped
well,

wherein the punch-through terminal 1s located between the

first and second high voltage terminals.
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17. The method of claim 12, further comprising forming a
second punch-through terminal having a second diffusion
area formed 1n the substrate,

wherein the second diffusion area 1s coupled to a third

contact that touches the substrate,

wherein a perimeter of the second diffusion area overlaps a

perimeter of the third contact; and

wherein the high voltage terminal 1s located between the

first and second punch-through terminals.

18. The method of claim 16, further comprising coupling
the second contact to the third contact.

19. The method of claim 12, wherein a perimeter of the

second contact extends beyond a corresponding perimeter of
the diffusion area.

20. The method of claim 13, wherein the low doped well
has a deep junction depth relative to the substrate.

21. The ESD device of claim 1, wherein a perimeter of the
second contact extends beyond a corresponding perimeter of
the diffusion area.

22. The ESD device of claim 1, wherein the low doped well
has a deep junction depth relative to the substrate.

G o e = x
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